A selection of medical and nursing staff and anaesthetic technicians at work on a particular day at a regional Base Hospital were invited to complete a questionnaire to assess their knowledge of the principles of pulse oximetry.
Pulse oximetry is used increasingly in non-critical care areas of the hospital. Understanding of the principles and effective uses of this monitor have been shown to be poor 1, 2 . We undertook a study to evaluate the knowledge of medical, nursing and anaesthetic technician staff about pulse oximetry in an Australian Base Hospital.
METHODS
A 14-point questionnaire (Appendix 1) was circulated among medical and nursing staff and anaesthetic technicians at our regional Base Hospital. Participation was voluntary and anonymous and respondents were asked, if they participated, to complete the questions in the order asked and not to discuss answers with other staff. The study was undertaken on one day only without prior warning to prevent respondents having a chance to revise their knowledge. The questionnaire consisted of six demographic questions relating place of work, years of experience in the use of pulse oximetry and adequacy of training in pulse oximetry. Of the remaining eight questions seven were short written answers and one multiple-choice type question. These questions were designed to assess knowledge of the basic principles and physiology pertaining to pulse oximetry as well as normal ranges and limitations of the equipment.
All answers were scored by both authors.
RESULTS
All 206 questionnaires distributed were returned, of which 203 were completed. The questionnaire was completed by 33 medical staff, 7 of whom had some level of postgraduate anaesthetic training. A total of 164 nursing staff participated in the study (83% Registered Nurses, 8% Enrolled Nurses and 9% Student Nurses). Six of the respondents were Anaesthetic Technicians (AT). Staff participating worked in a broad cross section of hospital wards (Table 1) . Table 2 summarizes the demographic data of the respondents. The majority of respondents had greater than one years experience in their current field of employment, and used pulse oximetry all the time or regularly in their daily work. Only 38% felt they had adequate training in the use of pulse oximetry.
The open nature of the knowledge-based questions makes reporting all results obtained impossible. Only one possible correct answer existed for several questions. Oxygen saturation was the correct answer for what do they measure?. They are least accurate at saturations less than 70% (alternative (d) in Q11) 1, 3, 5, 7 . The units of measure for saturation are percentages and for partial pressure are millimetres of mercury or kilopascals (Q12).
Other questions required more detailed assessment. A correct answer to how pulse oximeters work required some comment on red/infrared light absorption by haemoglobin, the Beer-Lambert law and light absorption through tissues and the fact that pulsatile flow is required 4, 5, 7 . A mention of any of these facts in isolation was deemed partially correct, although comments such as little red light scored no marks.
Normal range was defined as 95 to 100 for both adults and children. Those answering 98 to 100 were partially correct. An answer of 100 was incorrect. Q13 asked for a relationship between oxygen saturation and partial pressure. A correct answer involved a description of the sigmoid nature of the haemoglobin oxygen dissociation curve. Mention of part of the relationship but failure to convey understanding of the concept was scored as partially correct. After a cardiac arrest (Q14a) no reading will occur if the patient has no pulse was scored as correct and simply stating decrease was partially correct. After a respiratory arrest decreasing oxygen saturation would be observed due to persisting pulse with absence of ventilation. Simply stating decrease was only partially correct. Table 3 summarizes the answers to the knowledge based questions excluding the factors that affect the accuracy of pulse oximetry. The factors respondents identified as affecting the accuracy of pulse oximeters, both correct and incorrect, are presented in Table 4 . While not specifically sought and not required for a correct answer it is worthy of mention that only 17% of nursing staff, 21% of medical staff and none of the anaesthetic technicians commented that pulse oximeters measure pulse rate.
While it is impractical to report all incorrect answers, some are worthy of note. Many respondents confused oxygen saturation and partial pressure and this was reflected in several of their answers. Expression of normal ranges showed some disturbing trends. Several respondents thought normal for adults was a reading of 80 to 85%. Many thought that 
DISCUSSION
This is the first published study assessing the knowledge of pulse oximetry in an Australian hospital and it is the largest series to date. The demographic data validates the study group as a broad cross section of hospital staff who have experience in the use of pulse oximeters. Most respondents found the questions difficult and many expressed concern about their knowledge of pulse oximetry. Despite this, enthusiasm for the study was high.
The open nature of the questionnaire used in this study has advantages and disadvantages. The huge variety of answers makes reporting of all results, both correct and incorrect, impractical. Both previous studies 1,2 have each used differing question formats. It is difficult to determine details of respondents replies in all areas to enable direct comparisons either between previous studies or with our present study.
We deliberately avoided the multiple-choice and true/false type questions used in previous studies (except question 11) as we felt prompting answers could lead to inaccurate assessment of respondent knowledge. Question 11 was the same multiplechoice question as used in the American study 1 . Our respondents scored 78% correct compared with 26% in that study. In assessing respondents other answers it was clear that this score did not reflect understanding of the topic and reinforced to us the dangers of prompting answers. We also omitted clinical scenarios used in previous studies as it was considered these would be more threatening and therefore lower respondents compliance.
In strict terms a pulse oximeter measures only a ratio of transmitted red and infrared light intensities, and infers oxygen saturation from tables of data within the machine programs 3 . In this questionnaire, as in the previous studies, oxygen saturation was deemed the correct answer. This was stated by 69.5% of respondents in this study, slightly more than previously reported 2 .
The theory behind pulse oximetry is complex [3] [4] [5] . It was not surprising that it was poorly understood. To obtain maximal clinical benefit from pulse oximetry it is claimed that users must understand the technical aspects of machine operation in order to fully appreciate its limitations 4, 6 .
Most factors which may affect the accuracy of pulse oximeters mentioned by respondents related to obtaining an accurate signal and correlated well with those described in previous studies 1,2 . These included movement (and shivering), poor peripheral perfusion (cold, peripherally shut down), nail polish and bright outside light. Arrhythmia was scored as a correct answer if it stated that it may interfere with signal quality 7 . The only factor mentioned not related to signal quality was abnormal haemoglobin, with carbon monoxide poisoning being mentioned by five medical staff. Two erroneous factors were mentioned, these being low battery and faulty cable. These may affect operation of a pulse oximeter but not the accuracy of the machine. No respondent commented on the erroneous concepts of skin pigmentation or anaemia asked in a previous study 2 .
In previous studies 1,2 approximately 80% of respondents identified movement (or shivering) as a factor affecting accuracy, compared with 50% in this study. Vasoconstriction, shock and carbon monoxide poisoning were all identified by more than 60% of respondents in the previous studies 1,2 , compared with much lower numbers in this study. We consider that the lower level of correctly identifying these factors is most likely due to the difference in question structure (no prompting of answers) between the studies. The results of this study may more accurately reflect the level of staff knowledge.
In this study we defined the normal range as between 95 and 100% for both adults and children, which is comparable to the ranges chosen in previous studies 1, 2 . This is a more restricted normal range than some reviews on the subject would indicate 7 . It is accepted that high values are often errors in the machine algorithm 7 and as such, answers of 100% were scored to be incorrect. The normal range of values for S p O 2 in adults was only stated correctly by 60% of respondents and for children by 50% of 
